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APPENDIX OF CLAIMS 



1 (Amended). A method for handling thinned chips for incorporation in smart 
cards comprising the following steps: 

gluing a wafer with its front side to a carrier substrate by means of an 
adhesive layer, 

thinning the wafer from the backside, 

dividing the wafer into individual chips by sawing the wafer from the 
backside up to or into the adhesive layer or into the carrier substrate, 
dissolving the adhesive layer, 

lifting the individual chips off the carrier substrate with a suction head 
for deposit in a special tray and/or for further processing. 

2(Amended). A method for handling thinned chips for incorporation in smart 
cards comprising the following steps: 

gluing a wafer with its front side to a carrier substrate by means of an 
adhesive layer, 

thinning the wafer from the backside, 

dividing the wafer into individual chips by sawing the wafer from the 
backside up to or into the adhesive layer or into the carrier substrate, 

gluing the chips sawed out of the wafer on their backsides with a 
continuous carrier film by means of a second adhesive layer, 

dissolving the first adhesive layer using a process which does not 
attack the second adhesive layer, 

lifting the chips joined by the carrier film off the carrier substrate 
together with the carrier film, 

dissolving the second adhesive layer and lifting the individual chips off 
the carrier film. 
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3(Amended). A method for handling thinned chips for incorporation in smart 
cards comprising the following steps: 

gluing a wafer with its front side to a carrier substrate by means of an 
adhesive layer, 

thinning the wafer from the backside, 

gluing the wafer on the backside with a continuous carrier film by 
means of a second adhesive layer, 

dividing the wafer into individual chips by sawing the wafer with the 
glued-on carrier film from the backside of the wafer up to or into the first adhesive 
layer or into the carrier substrate, 

dissolving the first adhesive layer using a process which does not 
attack the second adhesive layer, 

lifting the individual chips off the carrier substrate together with the 

carrier film. 

4(Amended). The method according to either of claims 2 and 3, wherein the 
first adhesive layer comprises an adhesive which is decomposed under the action 
of light of a certain wave range, and the second adhesive layer comprises an 
adhesive which cures under the action of said light. 

5(Amended). The method according to either of claims 2 and 3, wherein the 
first adhesive layer comprises an adhesive which is decomposed under the action 
of heat, and the second adhesive layer comprises an adhesive which cures under 
the action of heat. 

6(Amended). The method according to either of claims 2 and 3, wherein the 
first adhesive layer comprises a water-soluble adhesive and/or the second adhesive 
layer comprises an adhesive which is solvent-resistant. 
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7(Amended). The method according to either of claims 2 and 3, wherein the 
first adhesive layer comprises an adhesive which is decomposed under an oxygen 
plasma or in a certain gas environment, and the second adhesive layer comprises 
an adhesive which is resistant to said conditions. 

8(Amended). The method according to either of claims 1 or 2, wherein the 
carrier substrate is dissolved together with the adhesive layer between the wafer and 
the carrier substrate and/or instead of said adhesive layer. 

9(Amended). The method according to claim 8, wherein the carrier substrate 
comprises a material which decomposes in a plasma and/or under the action of gas 
and/or under elevated temperature and/or is water-soluble. 

10(Amended). The method according to claim 1 , including applying position 
marks to the backside of either or both the chips and the carrier film. 

1 1 (Amended). The method according to claim 1 , including applying the chips 
with their front sides to a first smart card foil provided with conductive paths. 

1 2(Amended). The method according to claim 1 , including applying the chips 
with their backsides to a first smart card foil and providing the chips and foil with 

conductive paths. 

13(Amended). The method according to claim 11 or 12, including providing 
the first smart card foil on the surface opposite the chip with contact areas connected 
with the chip via the conductive paths, and the thus constructed chip module is 
incorporated with the contact areas outside into a cavity of a smart card. 
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14(Amended). The method according to claim 11 or 12, including covering 
the first smart card foil with the chip with a second smart card foil and laminating the 
two smart card foils together. 

15(Amended). The method according to claim 14, including pretreating the 
first smart card foil so that the chip adheres to the first smart card foil until it is 
covered with the second smart card foil. 

1 6(Amended). The method according to claim 1 5, including printing the first 
smart card foil with an adhesive conductive paste so that the chip adheres to the first 
smart card foil until it is covered with the second smart card foil, and is electrically 
contacted at the same time. 

1 7(Amended). The method according to claim 1 , including applying the chips 
with their backsides to a first smart card foil and covering the first smart card foil with 
the chip with a second smart card foil provided with conductive paths at the 
corresponding positions, and laminating the two smart card foils together. 

18(Amended). A method for incorporating a thinned chip into a smart card, 
comprising applying the chip to a surface of the smart card externally. 

1 9(Amended). The method according to claim 1 8, including applying the chip 
with its front side pointing outside to the surface of the smart card and wherein the 
card and chip are provided with conductive paths. 

20(Amended). The method according to claim 18 or 19, including 
incorporating the chip into a cavity in the surface of the smart card. 
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21 (Amended). The method according to claim 1 8, including pressing the chip 
into the surface of the smart card flush under the action of heat. 

22(Amended). The method according to claim 18, including coating the chip 
located on the surface of the smart card with a protective lacquer. 

23(Amended). The method according to claim 11, including applying the 
conductive paths by means of a printing or embossing method. 

24(Amended). The method according to claim 2 including lifting the chip off 
the carrier film and mounting the chip on the smart card foil or the surface of the 
smart card. 

25(Amended). The method according to claim 24, including gluing the chip 
onto the card foil by means of the adhesive of the dissolved second adhesive layer. 

26(Amended). The method according to claim 25, wherein the chip is lifted 
off the carrier foil with a suction head and applied to the card foil, the second 
adhesive layer being dissolved under the action of heat. 

27(Amended). A smart card comprising a smart card having at least one 
thinned chip disposed on a surface of the smart card. 

28(Amended). The smart card according to claim 27, wherein the chip is 
disposed with its front side outside on the smart card and conductive paths are 
applied to the smart card and the chip on the outside. 

29(Amended). The smart card according to claim 27 or 28, wherein the 
conductive paths are printed. 
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30(Amended). The smart card according to claim 27 or 28, wherein the chip 
is disposed in a cavity in the surface of the smart card. 

31 (Amended). The smart card according to claim 27, wherein the chip is 
pressed into the surface of the smart card flush. 

32(Amended). The smart card according to claim 27, wherein the chip is 
coated with a protective lacquer. 
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APPENDIX OF MARKED UP VERSION OF CLAIMS 

1 (Amended). A method for handling thinned chips [(10)] for incorporation in 
smart cards [(20)] comprising the following [method] steps: 

[-] gluing a wafer [(1 )] with its front side to a carrier substrate [(4)] by 
means of an adhesive layer [(3)], 

[-] thinning the wafer [(1 )] from the backside, 

[-] dividing the wafer [(1)] into individual chips [(10)] by sawing the 
wafer [(1 )] from the backside up to or into the adhesive layer [(3)] or into the carrier 
substrate [(4)], 

[-] dissolving the adhesive layer [(3)], 

[-] lifting the individual chips [(10)] off the carrier substrate [(4)] with a 
suction head [(30)] for deposit in a special tray [(40)] and/or for further processing. 

2(Amended). A method for handling thinned chips [(10)] for incorporation in 
smart cards [(20)] comprising the following [method] steps: 

[-] gluing a wafer [(1)] with its front side to a carrier substrate [(4)] by 
means of an adhesive layer [(3)], 

[-] thinning the wafer [(1 )] from the backside, 

[-] dividing the wafer [(1)] into individual chips [(10)] by sawing the 
wafer [(1 )] from the backside up to or into the adhesive layer [(3)] or into the carrier 
substrate [(4)], 

[-] gluing the chips [(10)] sawed out of the wafer [(1)] on their 
backsides with a continuous carrier film [(5)] by means of a second adhesive layer 
[(6)], 

[-] dissolving the first adhesive layer [(3) with a method] using a 
process which does not attack the second adhesive layer [(6)], 

[-] lifting the chips [(10)] joined by the carrier film [(5)] off the carrier 
substrate [(4)] together with the carrier film [(5)], 
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[-] dissolving the second adhesive layer [(6)] and lifting the individual 
chips [(10)] off the carrier film [(5)]. 

3(Amended). A method for handling thinned chips [(10)] for incorporation in 
smart cards [(20)] comprising the following [method] steps: 

[-] gluing a wafer [(1 )] with its front side to a carrier substrate [(4)] by 
means of an adhesive layer [(3)], 

[-] thinning the wafer [(1)] from the backside, 

[-] gluing the wafer [(1 )] on the backside with a continuous carrier film 
[(5)] by means of a second adhesive layer [(6)], 

[-] dividing the wafer [(1)] into individual chips [(10)] by sawing the 
wafer [(1 )] with the glued-on carrier film [(5)] from the backside of the wafer [(1 )] up 
to or into the first adhesive layer [(3)] or into the carrier substrate [(4)], 

[-] dissolving the first adhesive layer [(3) with a method] using a 
process which does not attack the second adhesive layer [(6)], 

[-] lifting the individual chips [(10)] off the carrier substrate [(4)] together 
with the carrier film [(5)]. 

4(Amended). [A] The method according to either of claims 2 and 3, 
[characterized in that] wherein the first adhesive layer [(3) consists of] comprises an 
adhesive which is decomposed under the action of light of a certain wave range, and 
the second adhesive layer [(6) consists] comprises [of] an adhesive which cures 
under the action of said light. 

5(Amended). [A] The method according to either of claims 2 and 3, 
[characterised in that] wherein the first adhesive layer [(3) consists of] comprises an 
adhesive which is decomposed under the action of heat, and the second adhesive 
layer [(6) consists of] comprises an adhesive which cures under the action of heat. 
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6(Amended). [A] The method according to either of claims 2 and 3, 
[characterized in that] wherein the first adhesive layer [(3) consists of] comprises a 
water-soluble adhesive and/or the second adhesive layer [(6) consists of] comprises 
an adhesive which is solvent-resistant. 

7(Amended). [A] The method according to either of claims 2 and 3, 
[characterized in that] wherein the first adhesive layer [(3) consists of] comprises an 
adhesive which is decomposed under an oxygen plasma or in a certain gas 
environment, and the second adhesive layer [(6) consists of] comprises an adhesive 
which is resistant to said conditions. 

8(Amended). [A] The method according to [any] either of claims 1 [to 7, 
characterized in that] or 2, wherein the carrier substrate [(4)] is dissolved together 
with the adhesive layer [(3)] between the wafer [(1)] and the carrier substrate [(4)] 
and/or instead of said adhesive layer [(3)]. 

9(Amended). [A] The method according to claim 8, [characterized in that] 
wherein the carrier substrate [(4) consists of] comprises a material which 
decomposes in a plasma and/or under the action of gas and/or under elevated 
temperature and/or is water-soluble. 

10(Amended). [A] The method according to [any of claims 1 to 9, 
characterized in that] claim 1, including applying position marks [(8) are applied] to 
the backside of either or both the chips [(10) and/or of] and the carrier film [(5)]. 

11 (Amended). [A] The method according to [any of claims 1 to 10, 
characterized in that] claim 1 , including apply ing the chips [(1 0) are applied] with their 
front sides to a first smart card foil [(21 )] provided with conductive paths [(1 1 )]. 
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12(Amended). [A] The method according to [any of claims 1 to 10, 
characterized in that] claim 1 , including applying the chips [(10) are applied] with their 
backsides to a first smart card foil [(21 )] and providing the chips and foil [contacted] 
with conductive paths [(11)]. 

13(Amended). [A] The method according to claim 11 or 12, [characterized in 
that] including providing the first smart card foil [(21) is provided] on the surface 
opposite the chip [(10)] with contact areas [(23)] connected with the chip [(10)] via 
the conductive paths [(11)], and the thus constructed chip module is incorporated 
with the contact areas [(23)] outside into a cavity [(24)] of a smart card [(20)]. 

14(Amended). [A] The method according to claim 11 or 12, [characterized in 
that] including covering the first smart card foil [(21 )] with the chip [(10) is covered] 
with a second smart card foil [(22)] and laminating the two smart card foils [(21 , 22) 
are laminated] together. 

15(Amended). [A] The method according to claim 14, [characterized in that] 
including pretreating the first smart card foil [(21 ) is pretreated] so that the chip [(1 0)] 
adheres to the first smart card foil [(21 )] until it is covered with the second smart card 
foil [(22)]. 

16(Amended). [A] The method according to claim 15, [characterized in that] 
including printing the first smart card foil [(21 ) is printed] with an adhesive conductive 
paste so that the chip [(1 0)] adheres to the first smart card foil [(21 )] until it is covered 
with the second smart card foil [(22)], and is electrically contacted at the same time. 

17(Amended). [A] The method according to [any of claims 1 to 10, 
characterized in that] claim 1 , including applying the chips [(1 0) are applied] with their 
backsides to a first smart card foil [(21)] and covering the first smart card foil [(21)] 
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with the chip [(10) is covered] with a second smart card foil [(22)] provided with 
conductive paths [(11)] at the corresponding positions, and laminating the two smart 
card foils [(21 , 22) are laminated] together. 

18(Amended). A method for incorporating a thinned chip [(10)] into a smart 
card [(20), in particular according to any of claims 1 to 10, characterized in that] i 
comprising applying the chip [(10) is applied] to a surface of the smart card [(20)] 
externally. 

19(Amended). [A] The method according to claim 18, [characterized in that 
the chip (10) is applied] including applying the chip with its front side pointing outside 
to the surface of the smart card [(20)] and wherein the card and chip are provided 
with conductive paths [(11)]. 

20(Amended). [A] The method according to claim 18 or 19, [characterized in 
that] including incorporating the chip [(10) is incorporated] into a cavity [(27)] in the 
surface of the smart card [(20)]. 

21 (Amended). [A] The method according to [any of claims 18 to 20, 
characterized in that] claim 18, including pressing the chip [(10) is pressed] into the 
surface of the smart card [(20)] flush under the action of heat. 

22(Amended). [A] The method according to [any of claims 18 to 21, 
characterized in that] claim 18, including coating the chip [(10)] located on the 
surface of the smart card [(20) is coated] with a protective lacquer [(12)]. 

23(Amended). [A] The method according to [any of claims 11 to 22, 
characterized in that] claim 11, including applying the conductive paths [(11) are 
applied] by means of a printing or embossing method. 
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24(Amended). [A] The method according to claim 2 [and any of claims 12 to 
23, characterized in that] including lifting the chip [(10) is lifted] off the carrier film [(5)] 
and [mounted] mounting the chip on the smart card foil [(21 )] or the surface of the 
smart card [(20)]. 

25(Amended). [A] The method according to claim 24, [characterized in that 
the chip (10) is glued] including gluing the chip onto the card foil [(20)] by means of 
the adhesive of the dissolved second adhesive layer [(6)]. 

26(Amended). [A] The method according to claim 25, [characterized in that] 
wherein the chip [(10)] is lifted off the carrier foil [(5)] with a suction head [(30)] and 
applied to the card foil [(20)], the second adhesive layer [(6)] being dissolved under 
the action of heat. 

27(Amended). A smart card [(20) with] comprising a smart card having at least 
one thinned chip [(10) which is] disposed on a surface of the smart card [(20)]. 

28(Amended). [A] The smart card according to claim 27, [characterized in 
that] wherein the chip [(10)] is disposed with its front side outside on the smart card 
[(20)] and conductive paths [(11)] are applied to the smart card [(20)] and the chip 
[(10)] on the outside. 

29(Amended). [A] The smart card according to claim 27 or 28, [characterized 
in that] wherein the conductive paths [(11)] are printed. 

30(Amended). [A] The smart card according to [any of claims 27 to 29, 
characterized in that] claim 27 or 28, wherein the chip [(10)] is disposed in a cavity 
[(27)] in the surface of the smart card [(20)]. 



International Application No. PCT/EP00/03988 
Attorney Docket: GRAS3004/JEK 

31 (Amended). [A] Ihe smart card according to [any of claims 27 to 30, 
characterized in that] claim 27. wherein the chip [(10)] is pressed into the surface of 
the smart card [(20)] flush. 

32(Amended). [A] Ihe smart card according to [any of claims 27 to 31, 
characterized in that] claim 27. wherein the chip [(1 0)] is coated with a protective 
lacquer [(12)]. 
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A method for handling thinned chips for incorporation in smart cards 

The present invention relates to a method for handling thinned chips for incor- 
poration in smart cards. 

Thinned chips have been used for some time for producing vertically inte- 
grated circuit structures (VIC). 

DE 44 33 846 Al describes the production of such a VIC wherein a wafer, here 
a so-called top substrate, is first glued with its front side, i.e. the active or functional 
IC area where the component layers are located, to a so-called handling substrate by 
means of an adhesive layer and then thinned from the backside. Thinning is done 
e.g. by wet-chemical etching or, by mechanical or chemomechanical grinding. Such 
a top substrate is then provided with an adhesive layer, mounted on a so-called bot- 
tom substrate in exactly adjusted fashion and connected thereto. The handling sub- 
strate is then removed. 

EP 0 53 1 723 B discloses a similar method wherein a first circuit component is 
fastened with its active area to a carrier and then thinned from the backside. Then 
another circuit component is mounted on the backside of the thinned chip and con- 
nected thereto by means of contact pads previously produced on the backside of the 
thinned chip. Then the mounted circuit component is likewise thinned from the 
backside, provided with contact pads and another circuit component mounted. This 
step is repeated several times until the desired multi-element package is finally built 
up from superimposed components. 

All such methods describe only the handling of the chips in a method stage in 
which they are either not yet thinned or already built up into a stable package. No 
methods are provided for handling individual thinned chips to incorporate them into 
smart cards. This is in particular not possible with the methods and topis hitherto 
used in smart card production. However, the use of thinned chips is desirable due to 
their particular flexibility in smart cards, which are often highly stressed by bending 
and torsion. 

The invention is therefore based on the problem of providing a method for in- 
dividually handling thinned chips and incorporating them in smart cards. 



This problem is solved by a method according to claims 1, 2 or 3. 

The starting point in each case is that a wafer is first glued with its front side, 
where the components are located, to a carrier substrate by means of an adhesive 
layer. The wafer is then thinned from the backside. After thinning, the wafer is di- 
vided into individual chips by sawing into the wafer from the backside. Sawing can 
be done up to or into the adhesive layer or even into the carrier substrate. 

There are various ways of lifting the chips off the carrier substrate and singling 
them according to the invention. 

According to claim 1, the adhesive layer is dissolved and the individual chips 
lifted off the carrier substrate with a suction head. They are then preferably depos- 
ited in a special tray for further'processing. In this method the chips lie in the special 
trays with their backsides upward. Alternatively, the chips can of course also be 
processed immediately, for example immediately mounted on a smart card or smart 
card foil. 

Claim 2 provides according to the invention a further method step wherein the 
individual chips still located on the carrier substrate are glued on the backside with a 
continuous carrier film by means of a second adhesive layer after sawing. The first 
adhesive layer is then dissolved with a method which retains the second adhesive 
layer. The chips can then be lifted off the carrier substrate together, joined by the 
carrier film. It is then possible to remove the individual chips from the carrier film 
by dissolving the second adhesive layer. Removal can also be done with the aid of a 
suction head or the like here. In this method the active front side of the chip is then 
on top. 

According to claim 3 it is provided according to the invention that said carrier 
film is glued on directly after thinning of the wafer and the wafer saw-diced into 
individual chips only then. The film remains on the individual chip upon incorpora- 
tion in the smart card; the chip is thus reinforced by the carrier film and can also be 
handled by conventional methods and tools. The use of suitable, e.g. viscoplastic, 
materials for the carrier foil permits the latter to be kept relatively thin while ensur- 
ing sufficient stability of the chip-foil compound. 



The chips can of course be temporarily stored in a tray in the course of further 
processing in the latter two methods as well. 

. There are different ways of dissolving the first adhesive layer while simultane- 
ously retaining the second adhesive layer, each depending on the properties of the 
kinds of adhesive used. Preferred methods are described in the subclaims. 

Alternatively, it is fundamentally also possible for the carrier substrate itself to 
be dissolved together with the adhesive layer between wafer and carrier substrate, or 
instead of said adhesive layer. It goes without saying that a method is chosen for this 
purpose which does not attack the second adhesive layer in the methods according to 
claim 2 or 3. 

The thinner chips that can be handled safely and easily with the inventive 
methods are more flexible and require less space than conventional chips. This 
opens up new possibilities for accommodating chips in smart cards. 

A distinction must first be made here between methods by which chips are 
mounted with their front sides on a smart card foil e.g. already provided with con- 
ductive paths or on the smart card (flip-chip technique), and methods by which chips 
are mounted with their backsides on the smart card foil or smart card and the con- 
ductive paths then connected to the chip. Which method is more favorable depends 
on, among other things, which of the aforementioned methods for removing the 
thinned chips from the carrier substrate is used, i.e. in which direction the chips are 
already oriented. 

In methods by which chips must be handled from the backside, it is advanta- 
geous if position marks are applied to the backside of the chips or to the carrier film. 
Such markings permit exact alignment of the chip on the smart card. A recommend- 
able position marking is to replicate the circuit structure of the chip. 

One incorporation method is to apply the chip to a smart card foil provided on 
the backside opposite the chip with contact areas which are in turn connected with 
the chip via conductive paths through the foil. This thus constructed chip module 
can then be incorporated into a cavity of a smart card with the contact areas outside, 
as is also the case with conventional structures of smart cards. 



An alternative is to incorporate the chips between the foils whei^two smart 
card foils are laminated together. 

In an especially preferred incorporation method the chip is simply applied to 
the surface of a smart card. The chip is preferably mounted with its front side point- 
ing outside and the smart card together with the chip is then provided with conduc- 
tive paths. 

The conductive paths can be applied here by an embossing or printing method, 
preferably by screen printing. Due to the small dimensions of the thinned chip, the 
latter is hardly bulky on the surface of the smart card. It is of course also possible, 
however, to incorporate the chip in the surface of the smart card in a shallow cavity. 
It is advantageous to coat the chips exposed on the surface with a protective lacquer. 

Such smart cards with an external thinned chip can be fabricated with consid- 
erably fewer method steps compared to conventional smart cards in which a conven- 
tional chip is accommodated in a special cavity in a chip module. 

In all incorporation methods it is possible both to mount external contact areas 
on the smart card and to imprint coils or similar components so as to permit contact- 
less data transmission from and to the smart card. A combined solution of both inter- 
faces is likewise possible (dual interface). 

The inventive methods will be described in more detail in the following by ex- 
amples with reference to the enclosed schematic drawings, in which: 

Fig. 1 shows a wafer connected on its active area with a carrier substrate by 
means of an adhesive layer, 

Fig. 2a shows a wafer according to Fig. 1 after thinning and division into indi- 
vidual chips, 

Fig. 2b shows two chips of the wafer according to Fig. 2a in a special tray, 
Fig. 3 a shows a thinned and sawed wafer with a carrier film, 
Fig. 3b s hows individual chips joined by the carrier film, 
Fig. 4a shows a wafer fastened to a carrier substrate according to Fig. 1 and 
thinned before division into individual chips, 

Fig. 4b shows a chip produced according to Fig. 4a on a smart card, 
Fig. 5 shows a smart card with a chip module, 



Fig. 6 shows a perspective view of a thinned chip with position markings, 
Figs. 7 - 9 show variants of a smart card with a thinned chip applied to the sur- 
face and subsequent application of terminal areas, 

Figs. K)/ll^ show production of a smart card by laminating two card foils to- 
gether, 

Figs. 12/13 show variants of a smart card with a thinned chip applied to the 
surface to terminal areas already present. 

In carrying out the method, wafer 1 is first glued with its front side having 
components 2 to carrier substrate 4. The carrier substrate used can be e.g. another 
wafer, a metal foil or magnetizable foil or another kind of foil usual in smart card 
production such as PVC, ABS, VC or the like. 

For this purpose adhesive layer 3 is applied either to wafer 1 or to carrier sub- 
strate 4 and the two parts are then joined. 

The wafer contains in usual fashion several circuits disposed side by side that 
can each form a standard smart card chip or else a memory chip. 

Wafer 1 fastened to carrier substrate 4 is then thinned from the backside up to a 
predetermined thickness, as shown in Fig. 1 by dashed line 9. Thinning can be done 
by conventional methods, for example etching or mechanical grinding. In this way it 
is possible to thin wafer 1 or chips 10 fabricated therefrom to a thickness of under 
100 microns, preferably about 20 microns. 

According to the method shown in Figs. 2a and 2b, saw cuts 7 are then made in 
wafer 1 from the backside up to adhesive layer 3, wafer 1 thus being subdivided into 
individual chips 10. Adhesive layer 3 is then dissolved or partially dissolved, chips 
10 being lifted off carrier substrate 4 with suction head 30 and deposited in special 
trays 40 where they await further processing. Suction head 30 for removal of thin 
chips 10 is relatively flat and has several small holes 3 1 on the suction surface that 
can be subjected to suction air or compressed air as needed via a line for sucking or 
depositing chips 10. Chips 10 can be removed from special trays 40 in the same way 
and put in place with a robot during card production. 



Dissolution of adhesive layer 3 of carrier substrate 4 can be done by the action 
of heat. For this purpose one uses e.g. heatable suction head 30 or separate heat ra- 
diation source 34, as in Fig. 4a. 

Figs. 3a and 3b show an alternative method by which the active surface with 
components 2 of chips 10 ultimately lies on top. For this purpose, carrier film 5 is 
mounted on thinned and sawed wafer 1 by means of second adhesive layer 6. Said 
carrier film 5 can of course also be a self-adhesive foil already provided with an ad- 
hesive layer. 

After application of carrier film 5 to the backside of wafer 1, first adhesive 
layer 3 is dissolved with a method which does not attack second adhesive layer 6. 

There are different ways 6f doing this. In a first preferred method, first adhe- 
sive layer 3 consists of an adhesive which is decomposed under the action of light of 
a certain wave range, for example UV light, whereby second adhesive layer 6 just 
cures under said irradiation. In a second method, first adhesive layer 3 consists of an 
adhesive that decomposes under the action of heat whereby second adhesive layer 6 
just cures under the action of heat. Alternatively, it is possible that first adhesive 
layer 3 consists of a water-soluble adhesive while second adhesive layer 6 is not wa- 
ter-soluble, or second adhesive layer 6 is solvent-resistant and first adhesive layer 3 
dissolves with the corresponding solvent. Furthermore, it is possible that first adhe- 
sive layer 3 consists of an adhesive which is decomposed under an oxygen plasma or 
in a certain gas environment, e.g. ozone, whereby second adhesive layer 6 is resis- 
tant to said conditions. 

Another way is to use a method by which carrier substrate 4 itself is dissolved 
together with adhesive layer 3 or instead of adhesive layer 3. Carrier substrate 4 can 
for this purpose consist of Styrofoam or another material which decomposes in a 
plasma or under the action of etching gas or under elevated temperature. Or carrier 
substrate 4 used is made of cardboard or similar material which is water-soluble. 

After dissolution of first adhesive layer 3 or carrier substrate 4, the total com- 
pound of chips 10 joined by carrier film 5 can then be removed together, the active 
area of chips 10 pointing outside. Individual chips 10 can then be removed from car- 
rier film 5 by dissolution of second adhesive layer 6.. 



Figs. 4a and 4b show a third possible method by which carrier film 5 of a pref- 
erably viscoplastic material, such as polycarbonate, polyamide, copper, aluminum, 
steel or the like, is first glued to the backside of wafer 1 by means of adhesive layer 
6. Only then is wafer 1 divided into individual chips 10 by making saw cuts 7. Fi- 
nally, individual chips 10 are removed again by dissolution of first adhesive layer 3 
or carrier substrate 4, a method also being applied here which does not attack the 
adhesive bond with carrier film 5. The methods used here correspond to the afore- 
mentioned methods. Fig. 4a schematically shows how individual chip 10 is removed 
from carrier substrate 4 with suction head 30, adhesive layer 3 being dissolved by 
heat radiator 34 while second adhesive layer 6 simultaneously cures. In this method, 
carrier film 5 remains on the backside of individual thin chip 10. 

Figures 5 to 10 show different variants of how thinned chips 10 can be ac- 
commodated in or on smart card 20. 

Depending on the choice of production method according to Figures 2, 3 or 4, 
it is expedient to mount chips 10 with their front sides or their backsides on smart 
card 20 or smart card foil 21. If chip 10 is mounted with its front side on smart card 
20 or smart card foil 2 1, it is useful to first mount conductive paths 1 1 for contacting 
chip 10 on card 20 or foil 21 and then position chip 10 thereon. For this purpose, 
chip 10 has on its backside position markings 8, as shown in Figure 6, which are for 
example printed or etched on chip 10 or carrier foil 5. 

Figure 5 describes an example of incorporation similar to known incorporation 
methods of conventional chip modules. Chip 10 is first mounted on first smart card 
foil 21. On the opposite backside of smart card foil 21 there are contact areas 23 
connected with chip 10 via conductive paths 1 1 through smart card foil 21 by means 
of conductive adhesive. Between chip 10 and first smart card foil 21 there may be 
subdivision 15. The thus constructed chip module is inserted into corresponding cav- 
ity 24 of smart card 20 and glued all round with suitable adhesive 25. 

Figures 10 and 1 1 show different laminating methods wherein chip 10 is dis- 
posed between two smart card foils 21 and 22 in smart card 20. Smart card foils 21, 
22 characteristically have a thickness of 100 - 300 microns. In the method according 
to Figure 10a, chip 10 is applied to smart card foil 21 and conductive paths 1 1 are 
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located on other smart card foil 22. Chip 10 is applied with its backside to smart card 
foil 2 1 . The two smart card foils are then positioned one on the other so as to fit, and 
laminated together, so that chip 10 is contacted by conductive paths 1 1 (Fig. 10b). 

In the method according to Fig. 11a, conductive paths 1 1 are first applied to 
one smart card foil 21. On conductive paths 1 1 chip 10 is then mounted with its front 
side downward so that contacting simultaneously takes place. Second smart card foil 
22 is then laminated thereover (Fig. 1 lb). 

The conductive paths lead in each case to an external contact area or to an in- 
terface component which permits contactless data transfer, or they form such a com- 
ponent themselves. To hold chip 10 on first smart card foil 21 until it is covered with 
second smart card foil 22 during lamination, the surface of first smart card foil 21 
can be pretreated by an oxygen or chlorine plasma so that chip 10 adheres bonded 
thereto until covering and lamination. In the method according to Figs. 11a and 1 lb 
the surface can also be printed with a silver conductive paste which simultaneously 
forms conductive paths 1 1 so that chip 10 adheres to smart card foil 21 until cover- 
ing and lamination and is electrically contacted at the same time. 

It is of course also possible to apply an adhesive to thinned chip 10 or use an 
adhesive-coated foil as smart card foil 21. In particular when chips 10 are produced 
according to the method shown in Figs. 3a and 3b, it is possible to lift chip 10 di- 
rectly off carrier film 5 by partial solution of the adhesive and glue it with said adhe- 
sive to smart card foil 21 where the adhesive can then set again. 

Figs. 7, 8 and 9 show a completely novel method wherein the thinned chip is 
simply mounted on the surface of a smart card and then printed with conductive 
paths 11. Chip 10 is furthermore coated with protective lacquer 12. For printing 
conductive paths 11a screen printing method is preferably used. It is of course also 
possible to apply conductive paths 1 1 in the form of a metal foil. 

Figs. 12a to 12c show embodiments wherein the conductive paths are first ap- 
plied to the surface and the chip then placed with the front side downward on termi- 
nal areas 11. In Fig. 12b additional lacquer and/or adhesive layer 13 is disposed be- 
tween integrated circuit 10 and the surface of smart card 20, while in Fig. 12c 



chip/conductive path assembly 10, 1 1 is pressed into the card surface with heated "die 
14. 

In Figs. 8 and 9 thin chip 10 is likewise located directly on the surface of smart 
card 20, but in small cavity 27. Cavity 27 is either embossed or milled into smart 
card 20 or already injection molded during production of smart card 20 (Fig. 8). Al- 
ternatively, cavity 27 is produced by corresponding printing with protective lacquer 
26 or by mounting a protective foil with a window (Fig. 9). 

Corresponding assemblies wherein contact areas 1 1 are first disposed in the 
gaps of the surface of smart card 20, on which chip 10 is then placed, are shown in 
Figs. 13a to 13c. 

t 

In the example shown in Fig. 13c, the chip is pressed into the surface of smart 
card 20 flush under the action of heat. In an embodiment according to Fig. 7 (termi- 
nal areas 1 1 not yet present) the foil with the chip flush on the surface can be for 
example printed with silver paste, coated and possibly contacted at the same time. 

All these latter examples of incorporation, with a chip exposed on the surface 
of the smart card, involve a novel and especially advantageous structure which can 
be produced with relatively few method steps compared to conventional methods. 
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Patent claims 

1. A method for handling thinned chips (10) for incorporation in smart cards (20) 
comprising the following method steps: 

gluing a wafer (1) with its front side to a carrier substrate (4) by means of 

an adhesive layer (3), 

thinning the wafer (1) from the backside, 

dividing the wafer (1) into individual chips (10) by sawing the wafer (1) 
from the backside up to or into the adhesive layer (3) or into the carrier 
substrate (4), 

dissolving the adhesive layer (3), 

lifting the individual chips (10) off the carrier substrate (4) with a suction 
head (30) for deposit in a special tray (40) and/or for further processing. 

2. A method for handling thinned chips (10) for incorporation in smart cards (20) 
comprising the following method steps: 

gluing a wafer (1) with its front side to a carrier substrate (4) by means of 

an adhesive layer (3), 

thinning the wafer (1) from the backside, 

dividing the wafer (1) into individual chips (10) by sawing the wafer (1) 
from the backside up to or into the adhesive layer (3) or into the carrier 
substrate (4), 

gluing the chips (10) sawed out of the wafer (1) on their backsides with a 
continuous carrier film (5) by means of a second adhesive layer (6), 
dissolving the first adhesive layer (3) with a method which does not at- 
tack the second adhesive layer (6), 

lifting the chips (10) joined by the carrier film (5) off the carrier substrate 
(4) together with the carrier film (5), 

dissolving the second adhesive layer (6) and lifting the individual chips 
(10) off the carrier film (5). 
3. A method for handling thinned chips (10) for incorporation in smart cards (20) 
comprising the following method steps: 



gluing a wafer (1) with its front side to a carrier substrate (4) by means of 

an adhesive layer (3), 

thinning the wafer (1) from the backside, 

gluing the wafer (1) on the backside with a continuous carrier film (5) by 
means of a second adhesive layer (6), 

dividing the wafer (1) into individual chips (10) by sawing the wafer (1) 
with the glued-on carrier film (5) from the backside of the wafer (1) up to 
or into the first adhesive layer (3) or into the carrier substrate (4), 
dissolving the first adhesive layer (3) with a method which does not at- 
tack the second adhesive layer (6), 

lifting the individual'chips (10) off the carrier substrate (4) together with 
the carrier film (5). 

A method according to either of claims 2 and 3, characterized in that the first 
adhesive layer (3) consists of an adhesive which is decomposed under the ac- 
tion of light of a certain wave range, and the second adhesive layer (6) consists 
of an adhesive which cures under the action of said light. 
A method according to either of claims 2 and 3, characterized in that the first 
adhesive layer (3) consists of an adhesive which is decomposed under the ac- 
tion of heat, and the second adhesive layer (6) consists of an adhesive which 
cures under the action of heat. 

A method according to either of claims 2 and 3, characterized in that the first 
adhesive layer (3) consists of a water-soluble adhesive and/or the second adhe- 
sive layer (6) consists of an adhesive which is solvent-resistant. 
A method according to either of claims 2 and 3, characterized in that the first 
adhesive layer (3) consists of an adhesive which is decomposed under an oxy- 
gen plasma or in a certain gas environment, and the second adhesive layer (6) 
consists of an adhesive which is resistant to said conditions. 
A method according to any of claims 1 to 7, characterized in that the carrier 
substrate (4) is dissolved together with the adhesive layer (3) between the wa- 
fer (1) and the carrier substrate (4) and/or instead of said adhesive layer (3). 
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9. A method according to claim 8, characterized in that the carrier substrate (4) 
consists of a material which decomposes in a plasma and/or under the action of 
gas and/or under elevated temperature and/or is water-soluble. 

10. A method according to any of claims 1 to 9, characterized in that position 
marks (8) are applied to the backside of the chips (10) and/or of the carrier film 
(5)- 

11. A method according to any of claims 1 to 10, characterized in that the chips 
(10) are applied with their front sides to a first smart card foil (21) provided 
with conductive paths (11). 

12. A method according to any of claims 1 to 10, characterized in that the chips 
(10) are applied with their backsides to a first smart card foil (21) and con- 
tacted with conductive paths (11). 

13. A method according to claim 11 or 12, characterized in that the first smart card 
foil (21) is provided on the surface opposite the chip (10) with contact areas 
(23) connected with the chip (10) via the conductive paths (11), and the thus 
constructed chip module is incorporated with the contact areas (23) outside 
into a cavity (24) of a smart card (20). 

14. A method according to claim 1 1 or 12, characterized in that the first smart card 
foil (21) with the chip (10) is covered with a second smart card foil (22) and 
the two smart card foils (21, 22) are laminated together. 

15. A method according to claim 14, characterized in that the first smart card foil 
(21) is pretreated so that the chip (10) adheres to the first smart card foil (21) 
until it is covered with the second smart card foil (22). 

16. A method according to claim 15, characterized in that the first smart card foil 
(21) is printed with an adhesive conductive paste so that the chip (10) adheres 
to the first smart card foil (21) until it is covered with the second smart card 
foil (22), and is electrically contacted at the same time. 

17. A method according to any of claims 1 to 10, characterized in that the chips 
(10) are applied with their backsides to a first smart card foil (21) and the first 
smart card foil (21) with the chip (10) is covered with a second smart card foil 
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(22) provided with conductive paths (1 1) at the corresponding positions, and 
the two smart card foils (21, 22) are laminated together. 

18. A method for incorporating a thinned chip (10) into a smart card (20), in par- 
ticular according to any of claims 1 to 10, characterized in that the chip (10) is 
applied to a surface of the smart card (20) externally. 

19. A method according to claim 18, characterized in that the chip (10) is applied 
with its front side pointing outside to the surface of the smart card (20) and 
provided with conductive paths (11). 

20. A method according to claim 18 or 19, characterized in that the chip (10) is 
incorporated into a cavity (27) in the surface of the smart card (20). 

21. A method according to any of claims 1 8 to 20, characterized in that the chip 
(10) is pressed into the surface of the smart card (20) flush under the action of 
heat. 

22. A method according to any of claims 18 to 21, characterized in that the chip 
(10) located on the surface of the smart card (20) is coated with a protective 
lacquer (12). 

23 . A method according to any of claims 1 1 to 22, characterized in that the con- 
ductive paths (1 1) are applied by means of a printing or embossing method. 

24. A method according to claim 2 and any of claims 12 to 23, characterized in 
that the chip (10) is lifted off the carrier film (5) and mounted on the smart card 
foil (21) or the surface of the smart card (20). 

25. A method according to claim 24, characterized in that the chip (10) is glued 
onto the card foil (20) by means of the adhesive of the dissolved second adhe- 
sive layer (6). 

26. A method according to claim 25, characterized in that the chip (10) is lifted off 
the carrier foil (5) with a suction head (30) and applied to the card foil (20), the 
second adhesive layer (6) being dissolved under the action of heat. 

27. A smart card (20) with at least one thinned chip (10) which is disposed on a 
surface of the smart card (20). 
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28. A smart card according to claim 27, characterized in that the chip (10) is dis- 
posed with its front side outside on the smart card (20) and conductive paths 
(1 1) are applied to the smart card (20) and the chip (10) on the outside. 

29. A smart card according to claim 27 or 28, characterized in that the conductive 
paths (11) are printed. 

30. A smart card according to any of claims 27 to 29, characterized in that the chip 
(10) is disposed in a cavity (27) in the surface of the smart card (20). 

31. A smart card according to any of claims 27 to 30, characterized in that the chip 
(10) is pressed into the surface of the smart card (20) flush, 

32. A smart card according to any of claims 27 to 3 1, characterized in that the chip 
(10) is coated with a protective lacquer (12). 
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Abstract 

Methods are described for handling thinned chips for incorporation in smart 
cards. A wafer is in each case first glued with its front side to a carrier substrate by 
means of an adhesive layer. Then the wafer is thinned from the backside and divided 
into individual chips by sawing from the backside up to the adhesive layer. The ad- 
hesive layer is then dissolved and the individual chips lifted off the carrier substrate 
with a suction head and deposited in a special tray for further processing. Alterna- 
tively, the chips sawed out of the wafer are glued on the backside with a continuous 
carrier film by means of a second adhesive layer and the first adhesive layer then 
dissolved with a method which does not attack the second adhesive layer. The chips 
joined by the carrier film can thus be lifted off the carrier substrate together and re- 
moved individually from the carrier film after dissolution of the second adhesive 
layer. The wafer can alternatively be glued on the backside with a continuous carrier 
film by means of a second adhesive layer before sawing. In this case, too, the first 
adhesive layer is dissolved while retaining the second adhesive layer, and the indi- 
vidual chips reinforced by the carrier film are then lifted off the carrier substrate. 
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l(we) authorize my(our) attorneys to accept and follow instructions from Ktunker Schmitt-Nilson Hirsch regarding any matter related 

to the preparation, examination, grant and maintenance of this application, any continuation, continuation-in-part or divisional based thereon, and 
any patent resulting therefrom, until I(we) or my(our) assigns withdraw this authorization in writing. v 



Send correspondence to: 



Customer 23364 



BACON & THOMAS, PLLC 

625 Slaters Lane - 4 th Floor 
Alexandria, VA 22314-1 176 



Telephone Calls to: J. Ernest Kenney 
(703) 683-0500 



Full Name of First or Sole Inventor 
Thomas GRASSL 


Citizenship 

Germany 


residence Address 

Ganzenmullerstrasse 6, D-85354 Freising, Germany 


Post.Office Address is the same as Residence Address unless 
otherwise shown below 


PATE 1 3V ol. Loo 1. 


x ATU 7^v.. Il^ 



SAPR0DIK;[ : .KVJ1;K\GRASSL - 92644 7\DIXXAKA'nON.VV)'D 



^ See following pa ge(s) for additional joint invemors. 



(26MAY2000) 



* ^^^^wey/Docket No: GRAS3b04/JEK 

Continuation of Declaration for Patent Application and Appointment of Attorney 



Pase 3 



Full Name of Joint Inventor 

Yahva HAGHIRI (Deceased) 


Citizenship 
Iran 


Residence Address 

Miinchen, Germany f ' } 


Post Office Address 
Winzererstrasse 98, 
D-80797 Munchen, Germany 


Date 

VJO. 03.Z0OZ 


Signature 




Touba HAGHIRI-TEHRANI, citizen of Iran, 
as heir of Yahya HAGHIRI 




Touba HAGHIRI-TEHRANI. 

heir of Yahya HAGHIRI-TEHRANI 


Citizenship 
Iran 


Residence Address , 
Miinchen, Germany """T^L^ \I 


Post Office address 
Winzererstrasse 98, 
D-80797 Munchen, Germany 


DATE k 20.03. AM 


SIGNATURE f . . 1 — 




Full Name of Joint Inventor 
Sina HAGHIRI-TEHRANI, 
r ~who is a minor and heir of Yahya HAGHIRI-TEHRANI 


Citizenship 
Iran 


residence Address r- 
Munchen, Germany — K^i^Xy 


Post Office Address 
Winzererstrasse 98, 
D-80797 Munchen, Germany 


Date 


Signature 




By Touba H aghiri -Tehran i, parent of Sina Haghiri-Tehrani, 
a minor and heir of Yahya Haghiri 
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United States Patent & Trademark Office 

Office of Initial Patent Examination — Scanning Division 




□ Page(s) 

present 
for scanning. 



of 



were not 



(Document title) 



□ Scanned copy is best available. 



